The purpose of this study was to assess, in the early postoperative period of cardiac surgery, the efficacy of patientcontrolled analgesia (PCA) versus nurse-administered intravenous morphine followed by oral acetaminophen with or without codeine. Patients undergoing coronary bypass and/or valvular surgery were recruited. All were under 75 years of age and were in stable angina with no ischaemic attacks within the last three months. Visual analog scores (VAS) were used for pain assessment. Pulmonary function tests were done preoperatively and measured every six hours after surgery until discharge from the intensive care unit. Patients allocated to the PCA group received morphine intravenously by a PCA Plus Micro Delivery Device for at least 48 hours. Patients entered into the nurse-administered intravenous morphine group received intravenous morphine followed by oral acetaminophen with or without codeine in 24 to 36 hours according to the clinical assessment of the critical care nurse. The data showed that the quality of pain control and pulmonary function were comparable in both groups. The equipotent morphine dosage requirements were also not statistically different. It was concluded that there was no significant advantage in using PCA routinely in the early postoperative period after cardiac surgery. Furthermore, repetition of PCA instructions was often required during the study period.
Since the first use of patient-controlled analgesia (PCA) over 20 years ago, it has become a wellestablished method for pain control after major abdominal surgery and various orthopaedic procedures 1 . Its many advantages include reliable analgesic effect, improved patient autonomy, decreased anxiety, flexible adjustment to individual needs and prevention of accidental needle injury among medical staff 2 .
For cardiac patients recovering from surgery, optimal analgesia can result in reduced stress, shortened duration of mechanical ventilation, lowered risks of pneumonia and decreased incidence of postoperative cardiac ischemia or arrhythmia 3 . Not only will these benefits lead to better patient care but they will contain health care expenditures as well. Pressures to limit medical costs have stimulated various studies designed to shorten hospitalization. Different predictive indices for the length of stay in the intensive care unit following cardiac surgery have been reported 4 . With the use of short-acting anaesthetic agents, some clinicians suggest that early extubation after cardiac surgery may result in modest financial savings with carefully designed guidelines 5 . However, this approach can become feasible only if patient analgesia can be optimized soon after cardiac surgery, thus avoiding the potential complications listed.
The purpose of our prospective randomized clinical study was to evaluate PCA versus nurseadministered intravenous morphine in the early postoperative period after uncomplicated coronary bypass or valvular surgery. We examined the degree of pain control, perioperative pulmonary function tests and the equipotent dosages of opioids used. Important feedback information from the patients and the nursing staff were also obtained for analysis.
MATERIALS AND METHODS Enrolment
After admission to the cardiac surgical ward, patients scheduled for coronary bypass or valvular surgery were approached for enrolment in the study. The protocol was approved by the Ethics Committee of our institution. Preoperative education was provided with instruction booklets and bedside discussions. Informed written consent was obtained from each patient after careful explanation by the principal investigator. Sixty-nine patients admitted overnight prior to surgery were assigned to either the PCA or the nurse-administered intravenous morphine group according to the pre-assigned chart number (odd vs even respectively).
Preoperative exclusion criteria included age over 75 years, New York Heart Association Class 3 or higher, left ventricular ejection fraction less than 30%, renal dysfunction (creatinine over 120 µM/l), forced vital capacity (FVC) less than 2.0 litres, history of psychiatric illness, dementia or drug abuse. Postoperative exclusion criteria included surgical re-exploration, haemodynamic instability including bleeding, postoperative mental confusion, failure of personnel to record data and patient refusal. Haemodynamic instability was defined as systolic blood pressure less than 90 mmHg with ongoing dopamine levels >5 µg.kg.min or noradrenaline >5 µg.min or transfusion of more than four units of packed cells in the first two postoperative hours. Table 1 shows the demographics of the patients in the PCA group (Group 1) and the nurseadministered intravenous morphine group (Group 2). Their characteristics were comparable and there was no statistically significant difference between them. Postoperatively six patients were excluded from Group 1 and 10 patients excluded from Group 2 due to criteria established a priori ( Table 2) .
Intraoperative anaesthetic management was provided by seven attending anaesthestists whose approaches were comparable. The anaesthetic induction and maintenance were achieved using shortacting opioids such as sufentanil and muscle relaxation by pancuronium. Median sternotomy was performed in all patients and there was no inclusion of minimally invasive forms of cardiac surgery. They all underwent cardiopulmonary bypass. The vast majority of patients having bypass surgery had leg wounds due to the harvest of venous graft while the others did not.
Initiation of Study Protocol
Upon arrival from the operating room, patients were allowed to recover spontaneously from the general anaesthetic until they were able to exercise hand grip on command and acknowledge the presence or absence of discomfort. These patients were then entered into either the PCA group (Group 1) or the nurse-administered intravenous morphine group (Group 2) according to preoperative assignment. This time was designated as 0 hours when the study began. The patient's level of discomfort was standardized in both groups by intravenous morphine loading doses to achieve a visual analog score (VAS) of 3 (see below). VAS for pain was measured at rest with deep breathing during every six-hour period in the first 12 hours, and then every 12 hours afterward until 48 hours had elapsed. The doses of morphine and minor tranquilizers were also recorded.
Patients allocated to Group 1 received morphine intravenously by a PCA Plus Micro Delivery Device 465 PATIENT-CONTROLLED ANALGESIA AFTER CARDIAC SURGERY Anaesthesia and Intensive Care, Vol. 27, No. 5, October 1999 (Abbott Laboratory, Chicago, IL, U.S.A.) for at least 48 hours. Analgesic regimen at time=0 to 1 hours included an initial loading dose of 1 to 2 mg of morphine if necessary, with additional 1 to 2 mg every 15 minutes until a VAS 3 could be achieved. Afterwards patients were instructed to operate the device on their own with a standardized dosage of 1 mg per demand and a lockout time of 10 minutes. Continuous infusion rate was initially set at 1 mg per hour during the first 24 hours and might be adjusted later if necessary 6 . The sedation level was simultaneously assessed and recorded by the bedside nursing staff according to the criteria listed in Table 3 . For example, when the sedation scores in Group 1 increased (i.e. more lethargy), the background infusion of 1 mg/hour morphine was discontinued at that time. All infusion records were automatically stored and printed out at the end of the study.
Similarly, at time between 0 to 1 hours, patients entered into Group 2 might receive morphine of 1 to 2 mg intravenously every 15 minutes from the registered nurse until the pain control was satisfactory, i.e. VAS 3. This would allow the VAS pain scores in both Groups 1 and 2 to be comparable after the first hour of the study period. For Group 1 the loading dose of morphine between 0 to 1 hour was 2.4±5.0 mg; for Group 2 2.4±5.4 mg. For patients in Group 2 intravenous morphine might be substituted at the nurses' discretion after the first 24 to 36 hours by oral acetaminophen with or without codeine.
The patients in Group 2 were not given PCA instructions. There was no "placebo" PCA setups or control injections given to PCA subjects as these modifications were not approved by the Ethics Committee.
Assessment of Pain Control and Sedation
All the nurses attended the same inservice program. The patients were instructed in the use of VAS system preoperatively and were able to understand and cooperate during the study period. It was generated by the patient moving a cursor along a linear scale from 0 to 10. A score of 0 represents no pain and a score of 10 represents excruciating discomfort. VAS values were measured at rest with deep breathing. The sample size remained stable for the first 36 hours when one-to-one nursing was always available.
Pulmonary Function Tests
Prior to the surgery, forced expiratory volume in one second (FEV 1 ) and the peak inspiratory pressure (PIP) were measured by the respiratory technologists. Postoperatively these same parameters were measured every six hours after time=0 hours for 48 hours, both before and after extubation. Each pulmonary function test was performed at least twice to assess reproducibility and the data were averaged.
Feedback Information
Questionnaires were given to the patients prior to their discharge and the nurses after the study period for their opinions on the advantages and disadvantages of PCA after cardiac surgery. The nurses enrolled in the survey represent those who had cared for at least three patients in the PCA group.
Data Analyses
All parametric variables were expressed as mean± one standard deviation. VAS and pulmonary function tests were compared at various time intervals between groups by using analysis of variance. P<0.05 was taken as the level of significance. Figure 1 shows the VAS pain scores from the postoperative cardiac patients in the first 48 hours after surgery. The data indicated that the degree of pain control was good and similar between the two groups. Figure 2 shows the sedation scores. Most patients enrolled in the study were mildly to moderately 466 J. TSANG, B. BRUSH Anaesthesia and Intensive Care, Vol. 27, No. 5, October 1999 sedated but easily arousable. No statistical difference was noted between the groups. Figures 3A and 3B show the pulmonary function tests on forced expiratory volume in one second (FEV 1 ) and peak inspiratory pressure (PIP) respectively in the perioperative period. There was a significant drop in FEV 1 immediately after surgery and it did not recover in the first 48 hours postoperatively. However, there was no difference between these two groups. PIP tended to decrease immediately after surgery and there was also no statistical difference between groups. Figure 4 shows that the doses of morphine equivalents are comparable in both groups during each of the observation periods. This is compatible with the results which show that the level of pain control and sedation are similar between groups. Prior to the study period while reaching a VAS score 3 at time between 0 to 1 hour, the PCA group received a loading dose of 2.4±5.0 mg of morphine and the nurseadministered group received 2.4±5.4 mg. Tables 4A and 4B show the results from the questionnaire of 64% of the patients prior to hospital discharge. The survey showed that most patients were satisfied with the degree of pain and anxiety control after surgery and indicated that they had slept well at night (Table 4A ). Those patients enrolled in the PCA group seemed to be confident and content with its use and were prepared to recommend it to the others (Table 4B ). On the other hand, the opinions expressed by the nursing staff on the use of PCA were more ambivalent and less positive ( Table 5 ). Most of them did not consider PCA a positive addition to the cardiac surgical ICU and had some reservations on its advantages and logistical problems. FIGURES 3A and 3B: Pulmonary function tests on FEV1 and peak inspiratory pressure (PIP) respectively of the patients in each group in the first 48 hours after cardiac surgery. There is a significant decrease in FEV1 in both groups immediately after surgery, lasting for 48 hours. 
RESULTS

DISCUSSION
Despite the many drugs tried and approaches explored, satisfactory analgesia in the early postoperative period is still not regularly achieved 7 . Pain is one of the most common problems after surgery and is anticipated by many patients as a virtually unavoidable consequence of surgery. A recent report on the expectation and experience after coronary bypass grafting suggests that postoperative pain control in these patients often remains inadequate 8 .
When postoperative analgesia is provided optimally to patients with cardiac diseases, they are expected to have more stable haemodynamic profile, reduced myocardial oxygen consumption and less frequent ischaemic events 3 . These patients can also be mobilized earlier with good pulmonary status 9 . This study explored the use of PCA in the early postoperative period of cardiac surgery and did not find clear advantages in the following study areas: i.e., level of pain control, mental status, pulmonary function tests, bedside nursing opinion, and dosage requirements.
The perception of pain is a complex phenomenon and its treatment needs to be individualized. It is often affected by factors such as age, gender, ethnicity, psychological characteristics 10 , learning 11 , diurnal variations 12 etc., and its intensity changes over time after surgery. The range of morphine dosage administered among our recruited patients varies by a factor of ten. Persson et al recently reported that the variable genotypes in the metabolism of opioids might also play an important role 13 . Part of the reason that we did not find significant differences between the PCA and the nurse-administered intravenous morphine groups is that the combination of the above-mentioned variables has confounded our results 14, 15 . Furthermore, the one-to-one bedside nursing care in the cardiac surgical ICU can substitute well for PCA intervention on surgical wards where the nursing coverage is less intense 16 .
Few clinical trials on the use of PCA among postoperative cardiac patients have been done to date. Seale et al have suggested that the use of PCA in these patients may result in lower pain scores at extubation and a lower incidence of postoperative ischaemic episodes 17 but the difference was not impressive. Myles et al assessed similar patients' postoperative stress level and reported that the serum cortisol levels were similar in the PCA and the nursetitration groups using morphine 18 . Interestingly, some investigators explored the use of intrathecal morphine for coronary bypass and found no benefit in either attenuating the stress response or facilitating earlier extubation 19.20 .
Another recent clinical trial also did not demonstrate any significant advantage in using PCA versus subcutaneous morphine in terms of analgesia and patient mobilization 21 On a scale of 1 to 5-1=poor and 5=excellent (SD). On a scale of 1 to 5-1=strongly disagree and 5=strongly agree (SD). On a scale of 1 to 5-1=strongly disagree and 5=strongly agree (SD). gesia than the patients using PCA with morphine even though both groups have high quality pain control 22 . However, different medications and delivery methods were simultaneously examined in this particular study. Incidentally, there was no difference among these patients in sedation scores, postoperative nausea and vomiting, haemodynamic instability, myocardial ischaemia or hypoxaemia. Our data show that the VAS scores in both study groups were good and comparable at rest during deep breathing (Figure 1 ). Our results are consistent with those previously reported 17, 18, 20, 21 , namely, the patients received good pain control after cardiac surgery but there was no consistent statistical difference found between the PCA and the corresponding control groups. Until now there have been few reports, if any, that have convincingly demonstrated a benefit in the use of PCA among postoperative cardiac patients. The sample size of 69 in our present study also compares well with these cited clinical trials where it ranged from 60 to 80 17, 18, 20, 21 .
In our survey of the patients prior to their discharge from the hospital (Tables 4A and 4B) , there was general agreement that they found PCA a useful device once they became familiar with its use in the first 48 hours. However, beyond this time period in an otherwise uncomplicated postoperative course, patients were eagerly encouraged to ambulate and the analgesics were usually changed to oral acetaminophen with or without codeine. The continuing use of PCA might potentially hinder early mobilization because of the necessity of carrying an intravenous pole attached to the PCA pump.
Our experience also indicated that patients often required repeated instructions on PCA due to factors such as (a) incomplete recovery of high cognitive function after prolonged general anaesthesia and cardiopulmonary bypass, (b) disorientation to the new ICU environment, and (c) poor retention of preoperative learning because of anxiety after hospital admission. These results suggest that there are additional patient limitations to the effective use of PCA immediately after cardiac surgery even though patients can obey simple commands and acknowledge discomfort. Muscle weakness was not a concern as all patients recovered from the effects of muscle relaxants used intraoperatively and were able to operate the PCA demand button well.
The use of continuous infusion of morphine at 1 mg/hour in the PCA group was constantly evaluated by the nursing staff according to the sedation level of the patient and was not used in a rigid manner. It was discontinued in most patients before 24 hours. This regimen was designed to be flexible 23 as it has been recognized that prolonged use of continuous infusion might result in higher incidence of side-effects without the improvement in pain control. When the patients learned to use the PCA over time, they adjusted the demand prior to deep coughing or mobilization.
The relatively negative attitude among the nursing staff on the use of PCA in the cardiac surgery ICU ( Table 5 ) was recognized. The potential explanations included a change in their practice pattern, the necessity to learn a new technology, the loss of control at the bedside and the occasional desire to use morphine for the control of blood pressure regardless of the pain intensity.
Pulmonary function tests were performed regularly before and after extubation in these recruited cardiac surgical patients. The data on these tests ( Figures 3A  and 3B) show that there is no difference in Groups 1 and 2. This suggests that experienced nursing staff can adjust analgesic and sedative dosing so that successful extubation will not be delayed. The common time for extubation in our institution is either early morning or early evening, depending on the operating room schedule and the anaesthetists' workload. Consequently the use of PCA has not resulted in significant changes in the duration of ventilatory support in these straightforward cases. The impact on health care resources has been minimal.
With regard to the total morphine equivalent dosages used (Figure 4 ), the requirements in both groups were comparable. However, even though the opioid strength of codeine was taken into consideration, the use of oral analgesic such as acetaminophen after 24 to 36 hours in Group 2 might affect the total morphine equivalency. Codeine 12 mg orally was estimated to approximate 1 mg of morphine. Because of these complicating factors in the conversion calculation, firm conclusion on this point would always be difficult for investigators working in this area.
In summary, this study does not demonstrate a definitive advantage in the routine use of PCA among cardiac surgical patients in the early postoperative period. Even though the PCA device usually functions well with little need for trouble-shooting, there are always the set-up time and resources to be allocated for ongoing in-service and education 24 . In addition, when the patient is acutely agitated for various reasons and has difficulty coordinating with the ventilator, there is no better way of immediately establishing control than the efficient administration of appropriate medications by an experienced critical care nurse.
